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Part 2
12 Months' Storage Testing

Part 3
Subsecuent Ageing Behaviour

Part 2 Ten fully compounded rubber stocks represcntative of
ratural and synthetic rubber mixes have been stored for
periods up to twelve months and their processing and cure
characteristics determined. Resiiis ghow that after storage
at room temperature, satisfactory mouldings may be produced
from most of thc stored stocks, both by injection and
compression moulding, having similar properties to those
produced from unstored materials.

Part 3 Ten fully compounded stocks, five of natural and
five of thetic rubber, have been stored at room tempera-
ture and C for various times and vulcanisates preparcd
from them by compression and injection moulding have been
subsecuently aged at 80°C for up to 16 wecks. The general
ageing characterictics of the vulcanisates prepared from
the stocks are not altercd to any significant degree by
storage, provided that each stock is given its optimum cure.
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Reference: WAC/213/034

1 *TRODUCTION

It has been shown' that fully compounded natural rubber stocks can bYe stored
at room temperature for up to 6 months and then injection moulded or compres-
sion moulded to give vulcanizates with good physical properties. It was
suggested that these fully compounded stocks could be granulated and bagged
ready for use as are thermoplastics. Already certain rubber compositions

are being marxeted in this form, for example the silicone rubbers, Viton E60C
(fluorinated rubber), together with other ready to use compounds such as the
thermolastics, polyurethanes.? powdered natural’® and nitrile rubbers.* Other
products on similar lines ar. +he specially compoundcd master batches of
carbon black, sulphur or accelerator and also master batches of carbon black
and oil prepared from the latex emulsions before coagulation.

There is very little published knowledge available®'*'? on the life of fully
compounded rubbers and the properties of the products produced. Thercfore
it was decided to investigate changes which take place during storage using
a natural rubber composition containing a conventional sulphur/accelerator
curing system (high sulphur/low accelerator) with and without carbon black as
& filler, an efficient vulcanizing system (low sulphur/high accelerator) and
one essentially sulphurless curing system. Other elastomers which were
included in the investigatinn were one formulation only of nitrile, poly-
chloroprene, SBR, EPIM and butyl rubbers.

2 EXPERIMENTAL

Five natural, one nitrile, one polychloroprene, onc SBR, one EPDM and one
butyl rubber compositions were compounded in a 5 kg internsl Banbury mixer
omitting the sulphur. The batch was then sheeted out und allowed to cool
before mixing in the sulphur in the usual manner on a miii (200 mm x 400 mm).
2 batches of each rubber composition were cut up and blended on the mill and
then sheeted out to approximately 6 mm thick. The compounding was carried ou*
at NRPRA because of their facilities for making larger batches than normally
made in the laboratory. The materials were subsequently granulated into

6 x 6 x6 mm pieces by a commercial firm. Due to the preparation circumsta-
nces the initial moulding and testing of all stocks were delayed for
approximately 2 weeks after mixing. The compositions of the rubber compounds
and other preparation details are given in Appendix A.

The granulated rubbers were received in polyethylene bagf agd these were
stored in a test room, Eh.f. tsmperatum of which was 23° = 2°C with a

relative humidity of 65 « 5 C. For accelerated or warm storage, the
granules of each rubber mix were spread out in trays approximately 300 x 250 x
30 mm to a depth of 10 mm and each formulation placed in a separate air
circulating oven at 40° £ 2°¢. 1In each instance, the mixes were withdrawn at
prescribed intervals and tested as described below.
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! The Wallace/Shawbury curometer, the Mooney viscometer and the Brabender

{ plastograph were used to mcasure plasticity, scorch or cure times at 120, 150

] or 180°C. In addition the Monsanto rhcometer was used to make similar measurce
ments at 150 and 180°C. This instrument measures the torque acting c. a disc
oscillating at 1.7 Hz which is embedded in the rubber compound set ain a cavity
zould. A record of the change in modulus with time during wvulcanization is
obtained and {rem the graph, vaiues of viscosity, processability or scorch
time, cure rate, cure time as well as maximum modulus can be estimated. The
tendency for reversion can also be noted.

i Tke gel content of the rubber mixes was estimated by extracting a weighed

; sanple with benzene and determining the extracted material. In most instances
soall amounts of carbon black passed through the filter thimble into the

; extract. The carbon black was estimated by the nitric acid method and the
weight substracted from the extract. The method proposed by Gessler® was also
[ tried but due to the extraction of carbon black this mecthod proved unsatis-

Y factory.

] Compression moulding was carriecd out in ASTM moulds 150 x 150 x 3 ma or a

r mould 100 x 75 x 3 mm depending on the requirerents and vulcanized at 150°C

t for the stated times, using stock which had been passed S5 times through the
tigh® nip of a 6=inch diameter laboratory mill. This was necessary since the

granulated material would not coalesce into a homogeneous sheet due to the

talc coating applied during granulation.

Injection moulding was carried out on a 4 oz Ankerwerke screw injection
aoulding machine using the granulated materials without further treatement
under the conditions described in Appendix 8. The rubber was moulded into
2 plaques, 100 x 75 x 3 mni, using a flash gate.

British Standard type E dumb=bells were cut from the compression and injection
rnoulded test sheets and the physical properties determined using a Hounsfield
E.type testing machine.

3 RESULTS AND DISCUSSION
3 1 Visual Examination

The granules were initially liberally coated with talc which prevented them
from sticking together. However this obscured any blooming of suiphur,
antioxidant, etc whi.ch otherwise might have been noted. After appro:iimately
6 months' storage the grunules did appear to stick together bu! in no cuse
vwere they dafticult to separate. Atter a few weeks at room temperature or a
few days at 40°C most of the granules appeared tc be stiffer or harder but it
was still possible to carry out all the tests using the methods descrided.

lo further change appeared to take place except with the neoprene which became
fairly hard and had an elastic feel after 12 months’ storage at room tempera-
ture. At 40°C storage 3 sets of granules felt fairly hard and appeared cured,
the polychloroprene after 4 weeks, nitrile after 8 weeks and the natural
rubber without carbon black after 16 weeks.

2
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3 2 Scorch Properties

Scorch v2lues mcasured by the various instruments are summarised in Figurce 1
and Tables 1 - 4,

The scorch times obtained on the stored stocks show that mix &, a conven-
tional natural rubber/sulphur mix changes very little on storage whereas
nix B, an unfilled gunstock, shows a rapid decreasec in scorch time. Mix C
barely changes up to 6 months but then shows a rapid fall in scorch time.
Mix D had a low initial scorch tiae of 7 minutes but this only decreased to
53 minutes after one year. Mix E appeared to show an initial increase in
scorch time followed by a slight decrease but after 12 months the value was
still higher than the original.

Nitrile and polychloroprene mixes F and G show a marked decrease in scorch
times. The polychloroprenc mix started off with a low scorch time and after
12 months was not processable.

Mixes H, I and J (SBR, EPIM and hutyl) showed little change in scorch time.

At 40°% changes in scorch times were accelerated. No results could be
obtained on polychloroprene at 8 weeks, aitrile at 16 weeks, natural rubber
gumstock and TMTD cured NR after 24 weeks. Most other mixes showed a tendency
to become more scorchy. The Shawbury curometer can also be used to estimate
scorch times, A value of 0.9 a,)xhere a, is the initial separation of the

cure curve, can be taken as a value sxnzgar to the Mooney 5 point risc.

Results obtained using the curometer at 120°C show good agreement with those
from the Mooney.

Scorch times estimated from the Brabender curves are lower than those fronm
the curometer or Mooney. However this is almost certainly due to heat build
up within the relatively larger sample of rubber under test and the higher
rates of shear involved. Values of scorch time cstimated from Monsanto
Rheometer traces at 120°C for the unstorcd stocks are in good agreement with
the Mooney scorch values with the exception of mix J. However after storage
the scorch times from the rheometer traces are considerably different at
times for mixes B, E and J to the values obtained with the Mooney viscometer.
No explanation can be offered for this difference at present.

3 3 Viscosity

The Mooney plasticities and the Brabender viscositics both increase progres-
sively and in approximately parallel lines for the natural rubber mixes over
the storage period of 12 months. (Tables 2 and 3).

The nitriie rubber (F) shows only a slight change but the polychloroprene mix
(G) had increased very rapidly in viscosity over the 12 months' storage
period. Both instruments (Mooney and Brabender) showed this change. For

VT
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nixes # (SBR), I (EPDM) and J (Butyl) the Brabender viscosities are almost
unchanged after 1c months' storage. The Monsanto minimum torgue values (i‘able
L) shov similar changes vo those observed with the Mooney. The natural rubber
mixes appear to show a more ropid and larger increase in viscosity as acasured
oy this instrument than the Hooncy, the viscosity then staying constant after
€ contus. Polychloroprene again shows a larger increase in viscosity whereas
nitrile, although showing a rapid loss of scorch time in the 12 month period
shows little chonge in viscosity. Mixes H, I and J agein show little change.

54 Cure Times

The normal nmethod of calculating optimum cure time from the Shawbury curometer
is rather laborious; however it was found that the direct t:-~ial reading of
the tine to reach the narrowest point of the cure curve was a. st as accurate
(= 3 per cent) as the recommended method. This simpler visual method was
therefore adopted. The Monsanto cure times were taken as the time where the
tangent to the steepest part of the curing curve intersected that of the
flattest part of the curve (see Fig 2).

"o

T

Time

The ratio of hy/h, was found to be close to &0 per cent cure for all the
rubber mixes tested. The average of 26 results vas 81 with a maxinum reading
of 88 and a minimum of 68. This method was adopted because most of the
synthetic rubbers had not reached a true cure plateau after 50 to 60 minutes!
curing at 150°C.

The optimum cure times at 150°C plotted in Fig 2 show that the cure times
from both instruments correlate fairly well although the Shawbury results

are nmore erratic, After storage at room temperature only one rubber stock
(J,butyl) had a2 significantly higher optimum cure time at 150°C than the
original material. The cure time (at 150°C) for maximum tensile strength also
does not appear to change with period of storage. These results are confirmed
by the tensile properties at various cure times of compression moulded sheets
produced at 1509C (Table 5). On the other hand after storage at 40°C, 7 of
the 10 rubbers had increased cure times after 16 weeks' storage.
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Irstruscntal measurstoats of cure tixes at 180°C show only saall decrences
or little clangs to lr-ve oce in the artunl tizmes after storage at
cither rooa temperaturc or 40°C (Fig 2). Houcver ceasuresents of maxdmua
tensile strength vercus cure time on the injection moulding machine show a
different pattern of behaviour (Fig 3). Initially the ratural rubber mixes
A = D show rather sharp veaky curves. After storogc the rubber stocks give a
wider cure curve and tne optimum cure time moves to much longer times.
Nitrile rubber ahows little change in peax pocition, polychloroprene cannot
be moulded after 12 months' storage at room texperature but the 6 months
result suggests an increase in optiaum cure time. In SBR an optima cure
time defined as the rousition of meximm tensile strength is not reached but
the rcsults show & aovement of the cure curve tc longer times. With EPIM
the optimum tise appears to be very much shorter than that suggested by
either the Monsanto or the cureometer. The results for butyl agree better
with the instrumental results and show little change. Very little change in
the shape of the cure curve occurs with the synthevic rubber stored stocks.

35 Tensile Properties

The materials stored for 17 months and compression moulded at 150°C (T-ble 3)
show little change in ultioate temsile strength (UTS), clongation at break
(Ey)+ 300 per cent modulus (Myee) Oor hardness at the optimum cure with the
exception of the polychloroprene which shows a reduction of about <5 per cent
in UTS and Ey. However, 7 of the rubbers show a marl:ed increasc in Mieo;
these include 3 natural rubbers and all the synthetics with the exception of
SBR wr.ich shows a significant reduction in M,,e valuc (Table 5). With the
inje/.tion moulded stored stocks some differences becomc apparent depending on
how the optimum cure is defined (Fig 3, Table 6). If this in taken as the
point of highest tensile strength then the natural rubber mixes A « C show

a 3light fall (10 per cent) in tensile strength after storage at rooa tempera-
turc accompanied by a fall in Myee and Mseo. A nore rapid fall occurs with
these mixes after storage at 40°C. Mixes D - J show little significant change
in optizum tensile strength but all show some decrcase in M,o¢ and/or ¥see
with the exception of polychloroprene which shows no change.

After storage at ‘00°C. the nitrile and polychloroprene rubbers could not be
moulded, mix D showed a drastic fall in UTS, the remainder remaining almost

wachanged. .

In general, although the time of optimum curc changes, the tensile propertics
at optimum cure are not greatly affocted by storage at room temperature. The
actual values of tensile strengths found on the injection moulded stocks were
similar to the values obtained from the compression moulded sheets. This is
in agreement with the findings of Wheelan'® and Ruby.'!

3 6 Sulphur Content
The "free" sulphur ccntent determined by a2 cold extraction method is given in

Table 7 and comparcc to the total initial sulphur content. In all czses @
marked fall in "free'" sulphur content occurred and this fall was linear with
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tiac for many of the storcd stocks. These results indicatc that sulphur has
been lost or possibly the zccelorator or accelerator fragnents are becoming

attaciied to the polymer chain and may no longer be available for the curing

reaction. This could be one reason for the observed decreased rate of cure

and increasc optimum cure time at 130°C.

3 7 Benzene Extractables

The benzene cxtractables are given in Table 8. Thesc figures jndicate that
in all the rubbers as mixed there is a small amount of non~extractable
material (gel). In the black natural, nitrile and polychloroprene mixes the
gel content increases significantly with time of storage whereas with SBR,
EPIM and butyl the gel content remains unchanged. The unfilled rxtural
rubber shows unusua! belaviour with the benzene extract first decreasing
rapidly over the ficst 6 months {ie increased gel), then increasing after

12 months back to the theoretical value. Storage at 40°C incrcases the
™ite of gel formation with the result that the benzenc extractables are low
(high gel content) for mixes B, D, F and G after 16 weeks' sto . Mixes
H, I and J show little change in gel coateiit after storage at .

4 COUNCLUSIONS

The results show that many fully compounded rubber mixes can pc ctored at
room temperature as chips for periods up to 12 months and subseguently
processed by injection moulding at 180°C to give satistactory mouldings with
only small changes in properties. Remilling the stored stock for a

minimum time and compression moulding at 150°C produces rubber samples having
almost identical properties to the originals. Coapression or injection
moulding the same stock give samples with similar properties. Storage at
4OPC produces much quicker changes in the stored materials and after 16
weeks nitrile and chloroprene rubbers cannot be processed.

Instrunentzl technigues have shoix that certain changes have occurred in the
stored stocks; these are mainly a reduction in scorch tizme and a change in
cure rate althrugh actual cure times at 150°C do not appear to have changed
as much as those at 180°C. Sulphur determinations and benzene extracts also
show that chemical changes have occurred in many of the storcd stockse.
Further work will be direccted towards the assessment of the ageing behaviour
of mouldings produced from stored rubber mixes.,
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'; APPELDIX A
{ COMPOSITION OF HATURAL RUBBER HIXES
] } Mix Lo A B Cc )] B .
S Hatural Rubber SMRS 100 100 100 100 100
i Zinc Oxide 5 5 5 5 5
Stearic Acid 2 2 2 2 2
!. 1! Phenyl pellaphthylanine 1 1 1 1 1
‘ Carbon Black F&r 25 - 25 25 25
Sulphur 25 2.5 0.33 - 2.5
Cyclohexylbenzthiazole sulphenamide
(cBs) 0.5 0.5 5.0 - -
! Tetramethylthiuran disulphide (TMTD) - - 0.5 2.5 -
Morpholinothiobenzthiazole (MOR) - - - - 0.55
136 111 138.8 135 136
}
COMPOSITIO: OF SYNTHETIC RUBBER MIXTS
]
Mix Ho F G H I J
Nitrile Rubber (Krynac 803) 100 - - - -
Neoprene WRT - 100 - - -
Butadiene/Styrene (3BR) Intol 1500 - - 100 - -
Ethylene/Propylene Diene (EPIM)
Intolan 10”A - - - 100 -
Butyl Rubber (Butyl 30%) - - - - 100
Zinc Oxide 5 S 5 5 g
Stearic Acid 2 0.5 2 1 2
Puenyl B=Naphthylaamine (PBNA) 1 - 1 - -
Carbcn Black FEF 25 25 25 25 25
Sulphur 2 - 1.75 1.5 1.5
Cyclohexylberzthiazyl sulphonamide
(CBS) 2 - 1.25 -
Mercaptoimadazoline (lA 22) - 0.5 - - -
Tetramethylthiuran disulphide
| (MD) - 005 - - -
i Magnesium Oxide - 4 - - -
i Zinc Diethyldithiocarbamate (2ZDC) - - - 2 2
| Mercaptobenzthiazoledisulphide (MBIS) - - - 0.5 0.5
! Petroleun Jelly - - - - 5
; 157 1355 136 125 11
|
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LJECTION MOULDING CONDITIONS
Barrel Temp (°C)

Mould Teap (°C)

Injection time (s)

Follow up pressure (MN/m?)
Injection Speed
Plasticisation time (s)

Back pressure

Screw speed (r/min)

Mould dwell time

APPENDIX B

8 - 90
180
1-2

5~5

10 - 18
Nil

b4
Various according to cure time




TABLE 1

SHAWBURY CUROMETZR

SCORCH TIMES AT 120°C

—c

(min)
g Storage at
age 0
Storage at 4O C
mt_:ber Before Room Temperature &
Mix | Storage| 4 6 12 2| & ] 8] % 2
months | months | months | weeks | weeks | weeks | weeks | weeks
A {lIR) 22 25 35 15 29 31 18 13 13
lo
B (NR) 36 L 42 16 34 19 1?7 L reading
obtain-
able
C (NR) 23 23 1% 9 20 20 22 19 3
No
D (NR) 4 | S 6 6 6 6 6 6 reading
} obtain-
) able
E (NR) 22 ! 32 36 31 47 Ly 32 33 27
t No reading
F (NBR) 21 4‘ 21 24 5 21 12 2 obtainable
G (CR) 13 : 9 9 b 8 6 | No reading obtainable
H (SBR) 78 ] 50 66 71 62 64 L6 69 29
I (EPIM) 12 9 1 9 9 8 7 7 b
i  (IIR) 21 18 20 1 19 16 18 17 11
L

L
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TABLE 2

MOONEY PLASTICITY AND SCORCH TIME

Storage at Roon Temperature
Mooney Plasticity Mooncy Scorch (min)
Fix Period of Storage
0 3 6 12 0 3 6 12
months | months | months months | months | months

A |38 22 bs ks 23 23 19 18
B 27 30 36 L2 48 27 22 16
c 28 37 35 43 22 24 15

D |39 b9 Sh &% Y4 6 63 5
E | 4k 4s L7 Y 24 343 32+ 31
F | U6 - - ) 31 - - 10
G |6 - - 14 7 - - 4
H |57 - - Sk 32+ - - 32+
I 76 - - 8o 1 - - 12
J 55 - - 58 15 - - 13

11




TABLS 2

BRABENDER PLASTOGHAPiH VALUZS

12 months' Storage at

Tenp of Original Room Temp
. .. |Circulating
Mix|r/oin 0il Minimum |[Temp at |Scorch| Minimum |Temp at [Scorch
og) Viscosity|Min Visc| Time |Viscosity|Min Visc| Time
(av/E) (°c) {(min) | (m/g) (°c) | (zin)
A 60 100 1400 105 58 2100 110 19
1500 120 16 2025 126 10
1200 108 125 1800 110 20
1400 120 26 1850 122 9%
1100 102 38 1600 108 15
1100 140 15 1700 148 L%
1630 107 9 2200 110 5%
1000 146 W} 1 2300 148 >3
17200 110 30 2200 116 27
1550 14 1% | 1900 150 13
1900 108 Lo 2100 108 12
1500 140 19 1750 140 8
2000 140 93 | 2800 150 |7 Cured
2100 | 140 33 | 3300 154 |3 Cured
2000 | 138 75 | 2000 140 54
1800 143 36 1600 148 35
2900 150 6% ! 3000 146 63
2600 146 6 2500 150 6
1750 126 13 1750 & 136 13
1700 12 8 %00 | 140 83

12




- TASLE > Contd

BRABENDER PLASTOGRAPH

Temp of Original
Mix | r/min | Cirplating Minimun Temp at Scorch
(°c) Viscosity Min Visc Time
(zv/g) (°c) (min)
52 100 1500 108 55%
120 1500 120 16
A 130 1600 110 8
150 1600 138 L
180 1600 146 13
52 100 1500 108 55%
: 60 100 1400 105 57
A
100 100 1600 126 10
140 100 1800 140 3
60 100 1200 108 125
B 100 100 1200 118 45
140 100 1600 132 9
13




TABLE 4

' MONSANTG RHEOMETER

Y P . L

Period ’Hinimum Scorch . Period Minimum Scorch
Mix of Torque Time " Mix of Toxque Tmeo
Storage at 1200¢ |3t 120°C Storage | . 15.0c {at 120°C
L Room Temp | (in) Looe (min)
A |2 veeks (0) ' 6 26 A |16 veeks | 16 21
B v n ' 5.5 46 B [v 4.5 1
] c juw l 55 25 Cc won 10 31.5
: D " 1" ; 9 11 D " " - -
[ R L 8 26.5 E (" 13 55
F " ] 7 36 F " U] - -
G " . 14 8.5 G " " - -
4 H j»n v 14 60+ H " omu 1.5 60+
i I v 18.5 13¢5 1 LU - -
' J v n 12.7 h J " oon - -
A 16 months 15 2545
B in " 13 2545
c v v 11 19.5
D " " - -
E v " 1 15.5 42.5
Foqn v 10 28
7 G |[n " - -
1 1] ” .
o N I M -
. Storage | ¢ ok at 150°C
l’ J " " - - liOOC (min)
; A |12 months 16 21 A |16 weeks 13.5 2.4
- B |v v 11.5 16 B woou 12.8 245
c v n 11 13 c |nm » 9 4,05
i p | 16 10 D [ n - -
E E v n 10.5 bs E noom 11.5 4.5
1 F |v v 10 11.5 F 1 ] - -
Y G " " 26 6.7 G " " - -
[ H (v v 13.5 60+ H " o 1 8
' I | v 18 U I | » - -
3 J I» " 12.8 25 J n n - -
)
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TABLE 9

COMPARISON OF PRESS CURES BEFORE AND AFTER STORAGE AT
ROOM TEMPERATURE (NATURAL RUBBERS)

[ Tensile Elongation Modulus at Modulus at s
cure | Strength | at break 100% E 300% E “i;:g;ss
) Time after after after after Storage
dix ! at Storag‘ Storage Stoxagg Storags ( BS°)I
.156°c (M/m”) (%) (/m") (i/a") *
(@)t on [12nlom [12a] on 2n |0m ‘12mi0mlt2m,
10 |23.1125.3|560 [580 [ 0.12 | o7 5.5 5.7 | 48151
A |15 |25.3]2%6 (510 |560 0.53 0.54 18,5 6.1 | 56, 55 s
20 | 25.9 |26.0 {490 |S80 0.58 0.52 [9.7 5.9 | 56| 52 .
30 |26.024.3 1500 |555 | 0.63 0.55 |9.8 6.1 | 56152 '
10 |21.0115.% |690 |612 |not noc 0.2 11.0 | 36| &3
recorded |recorded T
20 | 2%.5{19.0 {655 |650 0.1 (0.9 1.2 | 4| ko ,
30 | 20.7 | 16.1 |570 |605 0.2 [1.4 |1.4 | 45| 38 |
0 |21.1]25.2 |[530 |505 0.13 0.69 5.5 |7.5 | 48| 56 -
c | 15 |25.0]20.4 |510 |UsS5 0.33 0.88 7.6 8.6 | su| 57
10 | 24.0}25.6 |610 555 | 0.10 0.46 |45 16.6 | 47| 50 i
p | 15 ]21.7{18.6 [s80 460 0.12 0.56 4.5 7.6 | 48| 52 :
20 | 21.9(25.0 |560 510 | 0.12 0.5% |54 |7.4 | 48| b9 !
30 | 23.9 | 244 [600 ! sS40 0.09 0.32 5.1 5.9 | 48| u8 :
10 | 25.7 |24.5 |595 |s40 0.12 0.45 |[6.0 [6.3 | 52| 50 f
E 15 | 25.7 | 26.4 {590 |555 0.12 0.59 |6.4 |7.0 | 52| 53
20 | 26.2|26.5 |585 |s65 0.21 0.57 |7.0 [6.5 | 54| 50 |
30 | 26.6 | 25.5 |565 |ss0 0.40 0.7 [7.7 (7.2 | 561 54




TABLE 5 Contd

COMPARISON OF PRESS CURES BEFORS AND AFTER STORAGE AT

ROOM, TEMPERATURE (GYHTHETIC RUBBERS)

Tensile Elongation | Modulus at | Modulus at Hardness
Cure | Strensth at Break 100% E 300% E after
Time after after after after Storage
at Storage Storage Sto Storage (Bs®)
1500¢ (MN/n?) (%) (m/a?) (/n?)
i) e J12m|om |12a]0m |12m|on |12m|0n |12 n
10 |[12.616.3]370 |40 0.5 | 1.5] 6.9 9.6]58 |63
15 | 1l [13.6] 400 | 410 0.7 | 1.2| 9.4 ?.9‘58 64
20 | 49| 15.7| 380 |425 {1.0 | 1.410.2| 8.9 60 |65
30 1371 15.5| 350 {405 |09 | 1.5]| 10.6! 9.5|63 |63
5 |1M?| -~ |560 - {12 | = 6.5 - |60 | -
16 }17.0 | 145|425 [330 |2.0 | 2.6 10.9] 12.7 | 67 |6k
15 - 112.2] = 290 |- 2.4} - - - |68
20 | 17.2116.0]|380 |330 |2.1 | 2.3 12.7| %.0]|65 |67
30 [17.0| 9.3|350 |215 |2.1 | 2.9]| %.0| - |66 |70
10 [ 112 164|455 1775 (0.7 | 04| S5.2] 2.6|57 |50
15 - |12.8] =~ |80 |- 0.2]| = 1.5 - |48
20 | 13.51172.3| W45 | 740 (0.8 | 0.5) 7.0] 3.0[59 |54
30 9.7 1M.3|35 |490 (0.9 | 0.7| 7.2| 4.5|60 |58
5 9.2| - |480 - |07 | = 3.8] = |65 | =
10 6.7| 7.8|320 |335 (0.9 |1.0 | 6.1] 6.6{65 |68
5 | - | 25| - ]255 |- 16 | =« | =« | = |7
20 63| 621260 | 225 |12 |17 | = - {67 70
30 5.5 5.41235 190 [1e2 |19 | = - |66 |71
10 [ 18.0| 14.1{780 {750 [0s1 {01 | 19| 13|44 :39
15 | 17.2]15.72 | 740 [ 710 [ 0.1 | 0.1 | 18] 2.1 43 ‘45
20 | 1731149705 | 630 [0.2 [ 0.3 | 2.5]| 2.5|46 |47
30 | b | - 605 - {03 |- 33| - |¥9 | -

16
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TABLE 6
TINSILE PROEERTIES OF INJTCTION MOULDED STORED STOCKS
MIX A
Period Ct_xrc Tensile mong:tion )lod:ius Hod;tus Hordness
e 'f”;" ?g;"?h Break 008 E | 308 E| (BSO)
rage | 18 = (%) (v/a2) | (0/m2)
20 21.2 540 0.3 5.0 48
20 21.6 510 0.5 6.5 50
4o 21.6 545 0.4 5.8 kg
45 22.9 535 0.5 6.k 53
0 60 20.1 520 0.5 5.5 51
90 U 500 0.3 4.4 47
120 7.3 375 0.2 4.5 43
180 12.1 490 0.1 3.4 k1
20 7.2 500 - 1.6 31
& months 4o 19.5 590 0.1 3.7 43
ot 60 . 21.1 510 0.5 6.2 >
Roon Temp | 1% 21.6 515 0.6 6.1 53
160 19.6 k8o 0.6 6.5 54
240 1541 450 0.5 5.8 51
30 10.1 48s - 2.6 36
Lo 16.3 520 - ‘ 3.8 41
12 months | 50 18.6 495 - ' 5. L2
Room“;enp 80 18.6 480 0. | 59 45
? 120 21.0 185 0.2 6.6 L8
g 180 20.3 490 ! 0.2 6.3 | ko
; 2o 17.5 430 ' 0.2 5.5 43
' 30 8.1 90 . 0.1 2.1 34
16 weeks | 40 x 7.8 485 0.1 2.1 3k
at 60 ' 13.6 495 0.3 3.3 Lo
40°% 100 | 7.3 515 0.k 5.0 L
240 1 63.9 L65 0.5 5.2 L9
0 | 6.8 525 - 1.3 <30
s veeks Lo 8.3 525 - 1.8 <30
at 60 10.9 515 - 2.8 35
140°% 100 12.7 480 0.1 4,2 ! L
150 U1 455 0.3 5.2 . 7
2% | . W75 0.3 bo | 6
17
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TABLE 6 Contd

TENSILE PROPERTIES OF INJECTION MOULDED STORED STOCKS

MIX B
. . Elongation | Modulus | Modulus
Period Cure | Tensile
% of Time | Stremgtn | 2% | A0 | St | HAReste

Storage | (o) | (VAR | Tigy” | Geva®) | Oavad)
F m 15.7 6?0 N.R. 008 38
g 40 16.7 710 " 1.2 Lo
: Is 13.6 720 " 1.4 38
' 0 60 14.1 710 " 0,7 Lo
F 90 10.9 260 n 0.k 38
" 120 5.3 640 " 0.2 3?7
1% 601 ‘6"0 H " N.R. <x
30 5.6 65 " 0.4 <30
6 months 4o 16.2 750 " R 30
: at 60 18.4 6% " 009 36
: Rooa Teap 90 20.0 655 I 0.1 1.2 4
120 11.8 540 } o 0.1 1.6 k2
180 12,0 50 | 0.2 1.7 41
30 9.8 605 N.R. 0.1 <30
12 months Lo 14,7 665 " 0.2 32
at 60 17.7 650 " 0.7 ho
Hooa Tesp 90 16.6 655 " 0.7 38
120 153 575 " 0.9 38
145 595 " 0.8 38
€.8 640 " 1.0 31
7.2 585 0.1 1.1 39
9.6 60 0.1 1.1 37
9.1 63 0.1 1.4 37

Could not be moulded_
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'PABLE 6 Coatd

TaRSILE PROPERTIZES OF INJECTION MOULDED STORED STOCKS

v oo E . Ly

n

MIX C
. B . AElongation Modulus | Modulus 1
Period C\-xrc ' Tensile at at at Hardness
of Time | Strength | o ok 1004 E | 3008E 1 (BSO)
Storage (s) (Mi/m?) (%) (Mi/a?) | (N/a?)
0 | 2k 54 0.2 5.8 "
w | 25.5 555 0.4 5.9 b7
0 45 25.4 500 0.6 7.5 535 ;
60 25.9 530 0.5 7.0 54 ;
9 25.4 922 0.5 7.0 50 X
4o 19.6 530 0.k 5.2 31
6 months | 60 | 21.1 190 0.6 6.4 55
at 90 20.2 455 0.8 8.0 55
* Room Temp | 130 17.6 430 0.7 7.8 S5
' 180 ! 25.1 555 0.6 5.9 55
40 17.0 515 N.R. 3.9 b
12 months | 60 21.9 520 0.2 5.5 43
at 90 20.0 465 0.3 7.0 50
Room Temp | 130 17.1 435 0.3 6.8 5e
180 21.3 490 0.2 6.1 52
1) 7.3 Lhs 0.1 2.7 Lo
16 weeks 60 10.7 430 C.1 3.2 Lo
at 40°C % . 225 515 0.6 6.4 52
130 ' 22.6 505 0.6 6.8 54
180 ! 19.0 425 0.9 9.3 sl
W0 ! 5.9 250 1.0 - 54
2l wecks 60 8.8 330 0.5 5.9 48
at 40°C 130 ; 7.0 270 1.1 - 59
180 { 8.5 280 0.9 - 58




TABLE € Contd

TENSILE PROPERTIES Of INJECTION MOULDED STORED STOCKS

MIX D
. . Elongation | Modulus | Modulus
o | mine | Strengtn | gt | | at | saxdness
Storage | (s) | (/&) | gy | Geva®) | Gei/a®)
15 15.0 540 0.3 5.4 Ly
20 16.6 550 0.2 3.9 4
20 21.0 550 0.3 k.6 48
' %0 20.0 540 el 5.2 49
t S0 20.0 525 0.2 5.5 L9
0 60 19.9 505 0.3 6.3 48
8o 19.7 550 0.3 h.9 L4
90 18.9 55 0.2 4.7 46
100 18.3 545 0.2 k.5 45
| 129 16.4 525 0.1 4.0 45
L 180 14.0 10 N.R. 3.9 43
\ 20 1,1 515 0.2 3. 47
| 25 12.4 530 0.1 3.5 46
| 6 months | 30 16.0 550 0.3 3.8 L7
| at Lo 18.1 555 0.3 4.2 48
Room Temp 60 21.5 535 O.b 5.9 51
100 20.8 530 0.5 5.9 52
160 18.9 470 0.6 6.8 52
20 7.3 450 N.R. 2.k 32
12 months | 30 13.0 500 N.R. 4.0 1
at Lo 16.6 450 0.1 6.6 L
: Room Temp | 100 20.7 505 0.1 6.1 46
1 160 | 20.0 175 0.2 6.1 6
! 16 weeks 40 3.2 212 0.9 3.1 55
at 40°C 100 5.1 22k 1.1 4.4 55
2l weeks Could not be moulded
at 40°C
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TENSILE PROPERTIES OF INJ=CTION MOULDED STORED STOCKS

MIX E

. | . ; Elongation T Modulus Modulus . .
Per;od g‘;;z g:x;::.leh at l at at' Hardgess
somge | (o) | Oavah) | Tk | WORE | MR G

20 13.7 390 c.6 7.2 3k

30 22.2 525 ok | 6.5 54

o 4o 13.9 425 0.5 7.4 51

60 4.7 Ls5 0.5 5.9 5¢

120 11.3 420 0.3 Sk 52

180 13.0 500 0.7 4.0 43

40 11.6 520 0.2 2.7 39

6 months | s 19.3 565 0.3 oy 47

Room Tep 60 19.9 560 0.4 4,7 47

100 20.8 515 0.5 6.2 54

160 20.2 510 0.6 6.0 5it

ko 6.9 475 N.R. 1.7 <30

12 months 60 4.0 485 - 4.0 39

at « 90 20.2 505 - 5.8 s

Room Temp | 120 19.1 Les 0.2 6.8 L7

200 20.3 £05 0.2 6.4 418

30 6.6 480 0.1 1.8 <30

16 weeks Lo 7.8 510 N.R. 1.8 32

at 60 9.9 510 N.R. 2.5 35

Looc 100 20.8 530 0.k 5.5 ko

160 13.6 412 0.7 8.1 51

Lo 5.7 490 N.k. 1.4 31

24 weeks 60 12.1 520 0.1 2.8 37

at 100 175 550 0.2 4,2 L4

40°c 160 19.6 535 0.4 5.2 49

180 19.4 530 0.4 S.4 ‘ L9

21
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TABLE 6 Contd
TENSILE PROPERTIES OF INJECTION MOULDED STORED STOCKS
f MIX F
3
b . . Elongation | Modulus ‘ Modulus
Vo | Beo | Strangtn | g2t | st | st | Hrdsess
- Break 100% E | 3008 E BS
Storage (o) (HN/!!I ) (%) (m/ml) . (m"/mz)
¢ 30 14,9 165 0.8 6.8 59
‘ Lo 15.6 450 0.8 6.5 57
0 60 15.8 Li4s 1.0 7.6 59
} 90 4.7 k15 1.0 7.9 59
E 180 14,5 400 1.1 8.3 59
i 30 15.5 Ls5 1.1 7.1 67
E 6 months Lo 14,7 440 1.1 7.2 68
at 60 Tre7 480 1.3 7.9 65
Roon Temp 90 16.4 435 1.4 8.4 65
130 15.1 Loo 1.5 9.0 66
180 15.4 Loo 1.5 9.1 68
30 15.5 L6o 0.7 7.4 61
* Lo 15.7 480 0.6 6.4 60
* 12 months 60 16.8 505 0.5 57 58
' at 90 15.0 4720 0.6 6.3 58
" Room Temp ! 130 13.2 415 0.6 6.7 59
: i 180 13.6 415 0.6 6.9 59
| 240 12.8 360 1.0 8.8 60
Could not be mculded
22
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TABLE 6 Contd

TENSILE PROPERTIES OF INJECTION MOULDED STORED STOCKS

MIX G
Period | Cure | Tensile m°“§:ti°“ Mdﬁ“s ““21‘"‘ Hordness -
of Time | Strength " 0 :
stomgs | (3 | Cavad | Bk | kR | im0
i 30 16.2 535 1.1 7.5 sk i
; 50 18.3 430 2.1 11.6 61 ;
E 0 80 17.7 385 2.3 12.8 63 .
f 120 | 16.3 315 2.8 | 5.5 6k ;
180 15.9 280 3.2 - 65 |
30 17.1 510 1.9 9.0 68 —g
6 months Lo 17.9 o 2.5 1.4 69
at 50 18.4 L4ys 2.6 11.6 71
Room Temp 80 17.2 420 2.5 12.5 67
120 19.3 355 3.1 15.7 70
180 17.8 220 2.9 16.5 74
12 months
at Could not be moulded
Room Temp
| 16 “'ezks Could not be moulded
at 40 C

23
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TABLE 6 Contd

T=NSILE PROPERTIES OF INJECTION MOULDED STORED STOCKS

MIX H
Pczf: od g;x;(; g::::é:h Elong:tion Hog:].us Hog:lus Hardnoss
Sto;'age (s) (Mi/n?) Br;{ak 2% mE) %ggiﬁ) (8s°)
60 4.7 480 0.7 6.5 Sk
90 17.0 455 1.1 8.0 5
0 130 17.1 485 0.8 7.2 55
180 17.6 460 1.1 8.3 56
240 1G.1 43¢ 1.0 7.5 _55
60 17.0 660 l.R. 0.3 32
6 months | 90 17.7 695 0.5 5.6 52
at 130 18.0 650 0.6 3.9 - 51
Rooa Teap! 180 18.7 540 1.5 6.5 59
20 17.1 L85 1.6 7.6 62
120 8.2 675 N.R. 1.5 46
12 months | 1° 14.8 700 0.1 3.1 L9
at 180 16.4 665 0.3 : 3.9 50
Room Temp | 2+ 17.9 635 0.4 L5 54
300 16.6 565 0.5 . 5.2 56
330 48.1 580 0.5 . 5.3 55
90 5.8 030 N.R. 0.6 4o
16 weeks | 120 13.2 795 0.3 1.9 48
at 40°C 180 17.5 690 0.7 ! 3.8 53
2ko 18.4 640 0.8 ! 4.6 5
20 Too sticky to handle
2k weeks | 130 5.6 310 0.1 0.6 35
at 40°C 180 11.0 780 0.1 1.6 47
2ho 15.4 720 0.4 + 2.7 5%

o ARE PRy P T
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TABLE 6 Contd

TENSILZ PROPERTIZS OF INJECTION MOULDED STORED STOCKS

MIX I

roctod | qure Tonsine | Fongtion | Houtus o8 | e
Storzge | (s) | (£i/m?) Bf;;k .(;;ﬁ;n§) %’g /i_'_:zg: (B2
30 9.6 515 0.6 5.6 58

50 8.4 Los 0.6 4,7 60

0 80 7.8 295 1.0 - 63

120 7.8 255 1.3 - 66

180 6.8 270 1.0 - 64

30 16.6 745 0.6 2.3 61

6 months 50 12.0 500 0.8 L,? 67

at 80 9.3 350 1.3 7.0 71

Room Temp | 120 10.6 320 1.6 9.5 72

180 10.2 295 1.7 - 75

30 12.5 615 H.R. 2.6 60

12 months 50 10.1 355 1.1 7.8 65

at 80 9.0 280 1.5 - 65

Room Temp | 120 8.9 285 I - 66

180 8.0 2ko 1.1 - 65

20 1.4 805 0.5 1.6 58

16 weeks 30 12.6 600 0.6 3.0 62

at 50 1.2 460 1.0 5.5 64

40°% 80 9.3 350 1.2 7.0 65

120 9.5 305 .6 | 9.5 67

20 8.4 680 0.5 1.7 60

o wecks 25 12.8 6ko 0.6 2.6 61

at 30 11.9 660 0.6 2.4 60

Lo 50 10.7 b5 0.7 4.3 65

80 9.8 345 1.1 7.3 68

120 8.7 310 C1,3 8.2 68

25
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TABLE 6 Contd
; TENSILE PROPERTIES OF INJECTION MOULDED STORED STOCKS
KIX J
i Period ', Ct-xre Tensile ; Elonizétion : Hod:tus ) Hod:}tus Har d.gcss
Storsge | (5 | (Gyjmb | Bk P HRE | ()
_g 4o 3.5 73 | HN.R 0.9 35
60 16.4 740 N.R. 1.5 39
0 90 16.3 210 N.R. 2.0 b2
] 130 16.6 700 N.R. 1.9 B
200 | 6.5 1 6% N.R. 2.6 L3
o 12,9 = 75 H.R. 0.7 <30
E 6 months | 0 15.1 280 H.R. 1.0 35
k at 90 16.6 740 N.R. 1.6 35
! Room Tenp | 150 6.5 700 0.1 2.1 L3
- 200 12.3 580 0.4 2.7 45
i v 300 15.5 600 0.4 3.3 47
60 1.5 765 N.R. 0.6 38
: 12 months 90 15.8 730 N.R. 1.0 L1
at 130 15.0 675 H.R. 1.3 45
Room Temp | 150 14.9 660 ileRe 1.6 I3
200 14,2 640 N.R. 1.9 il
40 1.5 765 N.R. 0.5 352
16 weeks | 60 12.9 740 N.R. 0.9 35
: at 90 6.3 755 N.R. 1.5 39
f 40°c 1%0 16.5 725 N.R. 1.8 1
, 200 16,2 645 0.3 2.8 L5
( 40 6.7 280 N.R. 0.2 <30
5 24 veeks | 60 9.9 740 N.R. C.5 <30
] at g0 ! 1.5 700 H.R. 1.0 34
g % ! 130 ° 16.5 735 H.R. 1ol 37
; 200 ¢ 15.8 680 0.1 . 2.0 4y
i
26




TABLE 7

WFREE!" SULPHUR DETERMINATION ON STORED STOCKS

"Free!! St.xlphu.r ! Y"Free" St_xlphur
e e R e L e g
(%) (%) for%l)f n ' fo§-12 n
Duplicate results: Duplicate results
A 1.92 .83 1.61 1.55 1.03 1.07
B 2.36 2.26 1.92 1.87 1.03 1.71
c 0.73 0.2k gg:gg E g:gg 0.08 0.0k
D 0.99 0 0.15 0.10 0.07 0.06
I 1.95 1.83 1.53 1.64 0.91 0.9c
F 1.82 1,46 - - - -
G 0.32 0 0.097 0.096 0.11 0.10
H 1.50 1.28 1.33 1.27 1.0h 1.10
I 1.78 1.1 0.94 0.97 1.25 1.01
i B V6 ok Sy | o o
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TABLE §

BRLGRIE DLTRACT OF STHRED RUBB.LLS

i - R

Benzene Extract (%)
S;:::‘;e:; Storage at 40°¢
Before .
Mix Storage Theoretical Period of Storage Period of Storage
© months | 12 months | 8 wecks | 16 weeks

A 65.6 76 58.1 47.4 61.4 35.3
66.1 %o" h?.s 6203 3607

B 82.2 93 6.6 92.2 62.1 19.4
ok.2 k7.9 88.1 63.5 17.4

c 2ol 78 34,8 .5 63.7 30.6

| €5.4 s | 535 | €5 | 295
! o | 8.7 78 55.7 30.5 15.2 15.0
] 62.4 sh.2 32¢7 16.6 135.6
E 58.0 78 55.1 30.6 51.6 L4.8
60.4 56.6 36.5 52.8 6.3

F 68.3 Va4 65.2 k7.5 7.9 4,3
68.2 65.4 65.0 217 6.8

G 66.6 75 9.2 k2.5 7.9 4.3
65.2 5?09 "603 8.“ 5.8

H 52.4 7?6 60.8 67.8 66.8 69.6
62.4 61.4 68.7 67.7 76.1

|1 71.5 76 72.0 75.3 63.0 75.3
N 7500 ?La‘ot) ?"'09 62.8 7501
J 74.9 78 755 71.2 76.6 7.5

i 7801 7502 68.5 ?009 ?5."

28
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PART 3

SUBSEQUENT AGEING BEHAVIOUR
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1 IHTRODUCTION

Parts 1' and 2 have shown that fully compounded rubber stocks can be satis-
factorily stored for up to 12 months at room temperature and 2& wecks at 40°C
before vulcanisation, depending upon tne type of rubber and vulcanising
system used. The present work was undertaken to investigate the effect of
storage of the stocks on the subsequent ageing characteristics of their
vulcanisates.

3 EXPZRIMENTAL

Each stock was injection and compression moulded after the selected storage
period and three of ithe injection moulded vulcanisatus uvere chosen to undergo
accelerated heat ageing from the range of curing times given in Table 6 of
Part ». The *times chosen were such that one vulcanisate was below maximun
tensile strergth, one was as near as possiole to maximuws and one was possibly
overcurced. The compression moulded sanmples were given optimun cures as
defined by the Shawbury Curometer. The composition of the mixes (4 - J) and
the methods of obtaining the vulcanisates are given in Tart 2.

Type E dumb~bells were cut from the vulcanisates and measurements of their
width and thickness were made before exposure, Five dumb-bells were suspen-
ded in open glass tubes and placed in an air circulating oven at 80° £ 19C
for intervals of 2, 5, 8, or 5, 8 and 16 vecks.

After cxposure the test pieces were conditioned for about 24 hours at room
teaperature before testing. The physical tests, tensile strength, elongation
at break, and modulus vere carried out on a Tensometer zZ-type tcsting machin.-
and hardness on a Wallace micro-hardness tester according to British Standaré
methods. The average of five results is reported.

3 RESULTS AND DISCUSSIOil

A1l of the resultse ars pivas in Tables 1 - 10, and, in addition, the effect
o heat ageing on vulcanisat:s of one particular cure (optimum) of each mix
is chowm in Figures 1 - 2 by plotting the changes in tengsile strength znd
clonpgation at break vith time.

The natural rubber mixes uere chosen mainly on the basis of their sulphur/
accelerator ratio, mixes A, B and E having a conventional system of high
sulphur and low accelerator, mix C a low sulphur and high accelerator ratio
(commonly ¥nowvm as an officicnt vulcanisation (EV) system), and mix D being
an essentially sulphurless cure using only the sulphur bearing accelerutor
TMID. The main features of these systems are that the high sulphur vilcani-
sates give good processing and medium ageing properties, the EV systems good
processing and ageing characteristics but poor resilience and abrasion
resistance, and the TMID system good ageing but poor processing properties.
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Test pieces frow iajection moulded placues of the natural rubber stocks were
cut before ageing trials were started. On heat ageing, the vulcanisates
prepared from unstored mixes A, B and E behaved as cxpected and showed more
rapid deterioration titan both the EV nmix, C, and the TMID nmix, D. After
storage of the stocks the sane general trends were maintained.

for all of tue injoction moulded vulcanisates it would appear that storage ol
the stocks Jar 6 montis at roon temperature does not significantly change the
ageing choracteristics. iHow:ver, after 12 months' storage of the stocks at
Tooa teoperature, the high culpihur mixes for both natural and synthetic
rubbers showed better ageing propertics; the EV systems of natural rutber
aged well and showed no significant change in their rate of deterioration
{roc the original material. The cnhancemeat of the ageing properties after

12 moatns' storage may be duc to a slight undercure, or to the formation of
mono- and diesulphide crosslinks in preference to polysulphides as suggested
by Cunneen? in his review of oxidative ageing. Thic would be in keeping

vith the reduction of suiphur cuntent of the rubhers as shown in Table 7 of
Part 2. Storage of the unvulcanised stocks for 16 weeks at 40°C gave slightly
enhanced ageing properties. These differences werc not quite so pronounced
as those of vulcanisates prepared from stocks stored for 12 months at room
temperaturcs.

Compression moulded vulcanisates prepered froam stock »hich had not been stored
showed better ageing propertics than those which had been injection moulded.
Both cospression and injection moulded vulcanisates prepared from the high
sulphur mixes A, B and F stored for 12 months at room temperaturc showed
higher rates ol deterioration thain those :compression moulded fronm the initial
unstored material. The ageing characteristics of the vulcanisates compression
noulded from the low sulphur/high accelerator stocks C and D, stored for

12 months at room temperaturc, were similar to thosc press cured from the
initial unstored =aterial and dcteriorated less than thosc prepared by
injection moulding. After storage at 40°C for 16 vecks, those stocks vhich
could be press cured gave vulcanisates with poorer ageing properties than
those prepared from both unstored stocks and stocks stored for 12 months at
room temperature, and in general were poorer than the injection moulded
‘rulcanisates.

The difference in ageing characteristics of press cured vulcanisates compared
with those of injection moulded samples of stocks stored for 12 months at
tooa temperature may be explained by the possibility of an overcure, or that
any rubber/sulphur/accelcrator complexes formed during storage were not
broken down at 150°C (press cure temperature) but were decomposcd at 180°C,
the cure t.uperature for injection moulding,or that the antioxidant was not
suitable for injection moulding.

L CONCLUSIONS

The storage of stocks for 6 months at room temperature does not significantly
affect the ageing characteristics of subsequently injection moulded vulcani-
sates. Most of the injection moulded vulcanisates prepared from stocks
stored for 12 months at room temperature showed slightly enhanced ageing
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propertics over those prepared from unstored stocks, but some prosc cured
swples had poorer characteristicse The injection mouldable vulcanisates
. oS stocks stored at 40°C for 16 weeks of the three natural rubbers A, C and
i D, and the three synthetic rubbers H, I and J, had ageing characteristics
similar to those prepared from the unstored stocks. The properties of the
press cured materials shoved a somewhat fasteér rate of deterioration.

e

X

. The general ageing characteristics, which are dependent on the type of

’ rubber and the sulphur/accelerator ratio, are not altered to any significant
degree by storage of the rubber stock, provided that the vulcanisates are
given their optimum cure.
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